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Description 

Field of the Invention 

This invention pertains to a method of making an 
article that comprises an optical component e.g., a pla- 
nar waveguide. More particularly, it pertains to a method 
that comprises locally changing the refractive index of 
an oxide glass body. It also pertains to articles made by 
the method. 



Background nt the Invention 

In-line optical fiber refractive index gratings are 
known See,for instance, U.S. patent 4,807^50. See 
also U S. patent 4,725,110, which claims a method of 
producing such a grating. The currently 
od of "writing" an in-line grating into optical fiber com- 

ically UV) radiation in a port.on of the fiber The two 

the angle between the two beams (and the wavelength 
of the radiation) defining the grating s P ac ^9. 

Typically fiber gratings are formed in Ge-doped fib- 
er See for instance, F. Ouellette et al., ApJ^£ W 
Letters Vol. 58(17), p. 1B13 which inter aha discloses 
S^e sensitrvity of the Ge-doped fiber to ac .n,c radi- 
ation can be enhanced by a thermal hydrogen treatment 
Thou* at 400'C in 12 atmospheres of H^ 8m *o 
G Meltzetal., SPIE, Vol. 1516, International Workshop 
on Photoinduc^Tself-Organization in Optica I F ben 
Mav 10-1 1 . 1 991 , Quebec City, Canada, paper 1 516-1 B. 
which reports treating a heavily-doped gerrnanos.licate 
; e «orm^for75 hours at 610'C in 1 atmosphereof 
H 2 toenhancethephotosensit W ityofthegtesS Q U^p a t- 

ent application 643.886, filed January 18, 1991 or R 
M AtkL et al.. discloses a process of manu ac tur ng 
optical fiber that enhances the GeO/Ge0 2 ratio .n the 
Ge-doped core of the fiber, thereby enhancing the sen- 
sitivity of the fiber to actinic radiation. The process in- 
volves, exemplarily. collapsing the preform tube .n a 
substantially oxygen-free atmosphere. 

The prior art H 2 sensitization treatments involve ex- 
posure of the glass to H 2 at a relatively high tempera- 
ure "ptally at least 400°C. This high temperature 
Ueaunent would at bestbe inconvenient rf a PP edtoop- 
Ll fiber. As is well known, optical fiber typically .s coat- 
ed with a polymer material as part of the draw process, 
since uncoaled fiber is fragile and rapidly loses its 
strength, especially if handled. At the temperatureof the 
pITart .^treatments, typical P^^^ 
would be destroyed or at least severely damaged. Fur 
thermore, the prior art high temperature sens.t.zatjon 
treatmenttrequently increases theoptical loss in thefib- 
er and/or may weaken the fiber. 

D McStay, SPJE, Vol. 1 314, "Fibre Optics '90 . pp 
223-233, inter alia reports exposing Ge-doped optical 
f,bertoH 2 for various times at various temperatures and 



pressures, exemplarily 3 days at 24»C and 1 atmos- 
phere. Raman measurements were interpreted to re- 
veal the presence of molecular hydrogen in the fiber at^ 
terthe exemplary treatment. Exposure of the fiber t 488 
s nm radiation resutted in increase of a "™ P?" 
about 2150 crrvV The peak appeared even rt .rradiation 
wasdelayed until after essentially all of the H 2 hadaga.n 
been lost from the fiber. The author disclosed that the 
observed photosensitive reaction was a weak one and 
io suggested that a two-photon process may be .nvolved. 
No refractive index change was observed. 

In view of the potential advantages offered by, e.g., 
in-line refractive index gratings in optical ^avegudes. it 
would be highly desirable to have available a method of 
1B locally increasing a waveguide refractive index tha Ms 
free of the above-discussed shortcomings of the prior 
art Furthermore, it would be very desirable if strong m- 
Hne gratings could be written intooptical fiber of thetype 
conventionally manufactured and installed for optical 

could be "written" into a planar glass layer. Jh.sapplh 
cation discloses a method that has these and other ad- 
vantageous features. 



An "optical waveguide" herein is a, typically etan- 
gate, structure that comprises a "core" of relatively high 
Refractive indexglassthat is atleast partially surrounded 
30 bya-cladding-olrelativelylowrefractrveindexrmtena, 
and that is adapted for transmitting therethrough topi- 
cally in the longitudinal direction) electromagnetic radi- 
ation of "optical" wavelength, exemplanly in the range 
0.4-1 .7um 

35 

e-^orynMhe Invention 

The invention is defined by the claims. We have in- 
troduced relatively large quantities of molecular hydro- 
40 gen (H 2 ) into high-silica glass (exemplar^ more than 
50 o 80 mole percent SD 2 ) at quite low temperatures 
(at most 250-C, but preferably below 150 or even 
OO'C) and moderate pressures (H 2 partial pressure 
greats than 1 atmosphere, prelerabV greater than 10 
45 atmospheres), and have made the quite unexpected 
discovery that irradiation of the H 2 -conta,n.ng glass wrth 
actinic ultraviolet radiation can increase the , «e 
index of the glass in the irradiated region by an unprec 
edentedly large amount. Exemplarily the normalized in- 
so de changes (A = An/n) are at least 10*. but pref erably 
areatleastSXlO-BorlO^.andcanbeevenlangerthan 

10-3 The changes can persist substanfally .ndef nrte^ 
„ the gtess is not heated, with at least a significant frac- 
tion of the change surviving moderate heating (e.g * 
55 4QQ°C)pi.theglass.lndexchangesoflessthan10 can 
oTcoursebeproducedbutaretypicallynotcommerc^lly 

"'^The invention relates to a method of making an ar- 
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one exemplary ^^f^' uide to H 2 and irradiat- 
wa veguide, exposing * e « ' aclinic raai - 

ing at least a portion of th .ewjjeguj ^ por . 

ation such that the the H 2 - exposure 
tion is changed. S>gn cantl, dun !0 q] q{ mQSt 
step the wavegu.de is at a t P aining 
250-C. The wavegu.de • expos e of at leas , 1 

atmosphere, and the resulting ^ g x 1Q . 5 

or 10" 4 . By "hydrogen" or H 2 we me 
and/or its isotope deutenum e t ^ jnvsntjon 

,„ another « em P** ^ compr ises high-silica 
comprises <^*£^Jl**» described 
glass to hydrogen m glass to actinic ul- 

manner, talc** by " - ■ Mex in a „„. 

tta »». ra«i=n .u* by a „ .ppropn- 

rss. , s5S s -'- , "- !,, '" ,w 

„ ay8 .F« " jTnber or in planar 

, tac » Index '^ proouce8SuM Wi.»V 

u „,,on^M»cn^^ ssdm .„ ne . ta co,e 



h eat treatment o1 an planar optical 

FIG. 3 schematically depicts a nov H 
waveguide; and refractive index vs. 

index grating; an J „ snoW other exemplary 



, nmral hvdrogen treatment is the 
Exemplary of the novel W commercially 
following. Three -^^^.AT*T. 



intne fibercorewerecalcu^u>b ^ ^ 

s x l0 a. 2.82 X a e n d d a 9 s 8 1 4 0 .r rr ; o , e s P H 2 per mole of 
(PP m; 1 PP™ prep ared fibers to UV rad,- 

SiO a ). Exposure of WWP^ ed , , re quen- 

atton l abo U l242nm)'^^E«^. 2mJ/ P ulse. 10 
cy doubled dye laser (20 puis . tne fo „ ow - 
10 m y inuteS exposure) ^^Z): 9-7 X 10*. 
ing normalized *^, e expo suretothe 

abou t 10 mole % Ge0 2 m th ■ «« ." a ^ in 

,east for some range ol Ge-*p g. ^ obtain . 

though some use I ^* c £ a J oping (e . g .. <0.5 
able also for very low levels « ^ be em . 

bodied in silica f^^^ng at least 0.5 
tne ^^SESSU dopant, or in germa- 
mole % Ge0 2 or other appro? js ^ , argesl 

nlBOla«0-»->««^! , t S B vitreous germania). 

35 single ^^J^^^^^^ 
Pure Si0 2 does not exh.bi an 9 ration in the 

substantially independen of the H 2 ^ 
flb er (at least up to ^^^Jm in many ox- 
believe that the ^ comprise SiQ 2 

40 ide glasses ™«**Z»^^ ° ne °' ^ 

4S of the invention. ni are as follows: maintaining 
OX^^?\^^ in 1S0 atmos- 

an optical fiber at 200 C tor 40 m ^ Hz jn 

pneres of *<^J^j£^~W^ 
the core. And maintaining* Pjna germa . 
50 a 251um thick layer o S.0 2 . «J a % Ge0a ) at 
nosilicate glass ^ D r at 75'C for 

21'C for 6 days m 187 atmosp ed tQ ^ 

« hours at 325 -J 0 **"^ de core in 

in sufficient ^ d ^ ^Z [ ~ * X 10 " 3 ' aUer 6X ' 
55 the_germariia-doped glass with A 

posure to UV . art (hig h temper- 
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mechanism than does the inventive (low t^enrture) 
Ueatment. The experimental tacts disclosed by McStay 

observed by him is due to a diflerent mechanism than 
the large photorefractive effect that can result from a 
treatment according to the invent.on. 

It will be appreciated that, after completion of load- 
ing the glass with H 2 , some of the hydrogen will ganer- 

Jeralia on temperature. However, the 
slow enough such that there is ample time (typically 
many hours) to irradiate the glass with ^o ^r, 
Exemplarily, irradiation should take place wrth.n about 
one week from the completion o, the hydrogen ,oad nc. 
Those skilled in the art will recognize the cold storage 
of thefiber will retard out-diffusion, making longerdelays 

P °Toss of H 2 from the unirradiated portions of the 
glass has the desirable consequence that the inven w. 
method results in relatively little increase of the optical 
toss in the waveguide, and in substantially no change ,n 
refractive index in the unirradiated portions 

The question of reliability of index gratings ,n fiber 
is of concern to those invoked in the development of 
such gigs. By this we mean that there is concern m 
Z wither or not the properties (e.g.. optica, 
st ength) of such gratings will change with time, espe- 
c SI If a grating is exposed to elevated temperatures. 
sSar considerations apply to other articles accord.ng 

tractive index change, as is exemplarily illustrated by 
F g 2 wSich shows the normalized refractive index 
change A as a function of time, for an exemplary com- 
mellly available (5D) fiber that had prevously been 
Lded Lu H 2 and exposed to UV rad,a ton such th*a 
refractive index grating (spacing about 0^5 jm) was 
formed in the fiber. The fiber e0 ^^^ 3 ^ 
„„ m m hut the UV exposure was limited such that a 

Aft r the grating was fully formed the fiber was heated 
to 750-C at 250°C/hour, followed by cooling to room 
emperature.Ascanbe S eenfromF.G.2,anerreach,ng 
750'C the normalized index change had I decreased to 
lh OU t3x 10-5 Aboutighoursatterthestartofthetem- 

e 'treatment the fiber was heated tc jWC- 
maintained at that temperature for about 29 hours As 
ca e seen from FIG. 2, the refractive index remained 
essentially constant during this time, indicating that the 
previous annealing had eliminated "^J?**** 
species, with the remaining species being stable even 
at the very high temperature of 500 8 C. 
31 The LLe method optionally comprises an - 
neal that results in substantial elimination ol relatively 

unlb e ^ies, whereby the reliability of the .ndex 
- change in the fiber can be improved. Generally, the an- 

neannvSves heating of the waveguide (or of a relevant 

P o rt on thereof, e.g., substantially only the waveguide 



core) to a temperature above any anticipated operating 
emperature of the waveguide. This heating can take 
Sace during exposure to actinic radiation, or subse- 
13. It'can also take place subsequent to a 
s Landpriortoasecondexposure.Apreferredmethod 
of heating substantially only the waveguide core com- 
prises coupling into the waveguide radiation of a wave- 
Lgth at which the UV irradiated portion of he 
waveguide absorbs, e.g.. at about 1 .4um for H 2 -treated 
,o fiber, it will be appreciated that by - Heat. ng .n this > con- 
text we mean heating for a period of time (exemplar.* 
at least a minute) that is effective for removing at least 
a major portion of the defects that are not stable a the 
anr e altemperature.Thetermdoesnotincludeanytran- 
,5 Sneatingthatmaybeassociatedwiththeincidence 
of an individual pulse of the actinic radiation. 

As those skilled in the art will recognize, annealing 
results ina(typica.lytemperature-de P endent)^ 
inA.requirlngthattheinttialAbelargerthanthea^.red 
20 us a simple matter to determine, for a predetermined 
anneal temperature, the fractional decrease nn A .and 
ften^tt.a^mattartodet^n^apw 
ate initial A, or equivalent*, the appropriate H 2 loading 
ondions/lnmanycases waveguide of»^^ 
25 atures will not exceed 75»C, and anneal temperatures 
Xq ently be in the range 200-400'C. (but aKvays 
Wgherthan the anticipated maximum operating temper- 
ature frequently at least 100°C higher). 

As those skilled in the art will appreciate, the inven- 
30 tive method can be used to modify the refractrve .ndex 
not only ot optical fiber but also of planar waveguidee. 
FurtheLre'the method's ability to 
refractive index changes (e.g., An > 10^ ) makes pos 
Lble a novel method of forming optical components, £ 
3S g., planar optical waveguides, as «h«nMf 

ed in FIG 3. Exemplarily, on substrate 30 (e.g , a S. or 
SiOo wafer) is formed lower cladding layer 31 (e.g , v.t- 
f ou\ s ic ). doped silica (e.g.. germanosilicate ayer 
32 and upper cladding layer 33 (e.g., vitreous srf ca). 
4 o This structure (37) has waveguid ing P*P^J"£ 
to the layers, but does not confine the radation in the 
pJne Confinement is achieved by loading thestructure 
with ^.substantially asdescribedabo^ 
™ uctu e with focused actinic radiation 34. and moving 
4B t beam overthe structure in a predetermined manner 
tdicated by arrow 35). (Alternatively a mask can be 
used to expose preselected portions.) The ref ractive m- 
dext c^e region 36 is raised, providing lateral guiding. 

oTthTth^ 
so essentNly unchanged. It will be appreciated that layers 
31 and 33 are optional and that layer 33 can be depos- 
ited after exposure of 32 to actinic radiation. 

As will be evident to those skilled «n the art, the de- 
scribed novel technique for forming planar waveguides 
55 hasmany. advantageous features. For instance * can 
be used to readily make any desired waveguide config- 
u a^n lout need for SiO, etching, retaining surface 
planarity. Importantly, waveguides according to the m- 
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vention are embedded in structurally homogeneous » ma- 
terial and thus are likely to have relatively low scattenng 

'° SS The inventive method can be embodied in a variety 
of articles, including optical fiber communications sys- 
tems, and fiber or planar optical amplifiers. I can ate 
be embodied in optical fiber that has a novel comb.na- 
,on oTproperties namely a relatively lights oped core 
(typicaSy less than 4.5 mole % GeO z per mole of S.0 2 ) 
^relatively large localized index variations 
a at least The refractive index of such a fiber is 
tcheSa,.y depicted in FIG. 4, where n refers to the 
refractive index of pure vitreous s.lica, n 0 and n n to the 
e rac ve indices of core 40 and cladding 41, respec- 
S te normalized core/cladding index difference A 

(n ni )/nc and 421.422 refers to the localized 

.gionsof increased refractive index. 
localized variations are periodic, form.ng a strong .n-bne 
grating whose repeat distance A is about Mpm. and 
LicaHy (arthough not necessarily), .s less than about 
Sm'irwillofc'oursebe understood that therefracive 
ndex profile in actual optical fiber is not as regular as 
he schematic profile of FIG. 4. and that actual prof.les 

recions However, actual profiles are frequently de- 
scribed in terms of conventional equivalent step index 
Z file (having effective indices and effective radii). 
Thus FIG 4 is meant to show the equivalent step index 
Profile and n and n, are intended to be effective refrac- 
i e indues. It will also be understood that the above 
leussion refers only to fiber that has axially umform 
c ross section (i.e.. excluding fiberthat has been treated 
to comprise a periodic change of the cross section), and 

fractive index is substantially unchanged. 

As disclosed above, the inventive method can ad- 
vantageously be used to pattern the refracts index of 
appropriate oxide glass. This approach was used I o 
make a Planar optical waveguide as lollop A glass 
body (3 mole % GeO* remainder SiO s ; 25 X 10 X 2 
mm) was maintained 308 hours at 21°C in 208 atmos- 
pheres H 2 , resulting in 2.4 mo.e% Haconcjrtmto^ 
°he sample surface, and about 1.1 mole % H 2 at 50»m 
depth. A beam of UV radiation (242 nm wavelength 1 * 
mJ/pulse. 30 pulses/s) was brought to a (about 1 0*m 
L e P )line1ocus,andthefocusedbea^ 
the width of one of the 25 X 10 mm faces of he glass 
bodies at the rate of 60um/s. Subsequent to UV axpc- 
2« Bflhl from an argon ion laser (514.5 nm waye- 
eng^h) was focused on one end of the exposed reg on 
by means of a x 6 microscope object^ Waveguid ng 
was verified by observation of the farfield pattern of the 

light emergingfromtheother end of the exposed regioa 
ife pattern, obsen/ed at a distance of 11 9 cm from the 
exit face, was an e.liptica. spot (about 60 X 8 mm), with 
- the o^ng axis of the ellipse being parallel to the normal 

S he ellipse being parallel to the width of the exposed 



region. This established that the expose drag ^formed 
a Imultimode) waveguide, with the depth of the gu.de 
being less than the width. A single mode wavegu.de can 
readily be made by a similar process. 
s FIG 5 schematically shows another exemplary ar- 
ticle according to the invention, namely, a hologram 50. 
The article comprises an oxide glass body 51, e.g. , a 
thin plate of Ge-doped vitreous silica, with desired re- 
oions 52 of the plate having a higher refractive .ndex 
70 LntheremainderotthemateriaLThepatternedrefrac- 
tive index is produced by appropriate exposure toact.nic 
radiation subsequent to H 2 -loading of the body .n a 
manner substantially as described. The appropriate re- 
fractive index pattern can either be computed and pro- 
,5 duced by selecth/e exposure of the body to acfnic radi- 
ation, or it can result from exposure to interfering beams 
of actinic radiation. Those skilled in the £ wiH apprec - 
ate that allof regions 52 need not have the same refrac 
tive index, and that the refractive index can vary wrthin 
20 any given region 52. Body 50 can advantageously be 
used e q„ for information storage. 

RG 6 schematically depicts a particular and cur- 
rently preferred embodiment of the article ol FIG. 5. 
namely a phase mask 60 that can be used to, e.g., pro- 
25 du^e an in-line refracts index grating in an optica, 
waveguide, substantially as described in co-assigned U. 
S Sent application Serial No. 08/004.770. Approprv 

es spaced apart regions 62 of increased refractive n- 
30 dexreativetoregions63.Regions62thushavegreater 
opJca. thickness than regions63. with light that .strans- 
mitted through a region 62 in general be.ng phas . **- 
ed relatrve to light transmitted through a region 6* The 
increase in refracfrve index is advantageous^ robtwed 
35 by exposure to actinic radiation subsequent c H 2 -load 
Z as described. It will be appreciated that the .ndex 
profile can be readily tailored as desired by, e.g., appro- 
priate choice of exposure conditions. 

Loading oxide glass with H, (or D 2 ) as described 
4 o abovejollowedbyexposuretoactinicradiation^resu^ 
in the presence of OH (OD) in the exposed regions of 
he glass, with the OH (OD) level typically bemg sub- 
stanLlly proportional to the indexchange 
Thus the presence in the glass of regions of relatively 
<s Jigh and relatively low OH (OD) "^"J^ 
is a feature of our invention. For instance, a normalized 
efractrve index change A = 2 X 10- - associated with 
about 2000 ppm of OH, and, equivalent^. w.th a loss at 
f39tm(theLoHove rt one)ofabout0.3d^mand 

so l'=2X 0-2isa S sociatedwithabout20mole%OHand 
a loss at 1 39um of about 30 dB/cm. Exemplanly. optical 
^^"accorcflnB to the invention will compr.se 
high-silica glass containing a region of relat.vely h.gh 
OH (OD)-content, and therefore relatively h,gh e.g.. > 
ss 03 dB/cmof grating.at1.39umforOH)opt.ca loss as 
weifas a region of relatively low OH (OD) content, and 
The efore lively low (e.g. <0.1 dB/cm, at 1 39um or 
OH typically < 0.01 or even 0.001 dB/cm) optical loss. 
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As those skilled in the art will appreciate, it the glass • 
is sensitized with D 2 instead of H 2 then the relevant 
wavelength (the first OD overtone) ,s about 1.9um. In 
Tome op'oal fibers loss measurements at 1 Jun m-ght 
be difficuK, and measurement at V26,m "he second 
OD overtone) might be preferable, despite the fact that 
absorption at the second overtone is much weatar than 
at the first. However, whatever overtone wavelength is 

tical waveguide will have an optical loss (in dB/cm of 
gS ing due to OD that is at least 10 times the optica. 
L due to OD (in dB/cm) in the grating-free part of the 

^Segenerally. articles according to the invention 
willtypically comprise a body that comprisesox.de glass 
That comprises a first and a second reg,on, wtth the 
ol havinganormaiized refractive index that .s great- 
er than that of the latter by at least 10*. 
the glass contains achemical species selected from OH 
andOD.withtheconcentrationof said species mat least 
a part of the first region being at least ten times the con- 
centration of the species in the second reg.on. Aside 
rom t variation in OH or OD. the chemical compos, 
t on of the glass is essentially the same in said first and 
se ond regions. The first region exemplarily is the core 

in-line refractive index grating in the core ot an optical 
fiber. 



Claims 

1. Method of making an article that emprises an op- 
tical component, the method comprising making the 
optical component by a process tfert comprises 

a) providing an oxide glass 

b) contacting the oxide glass wrth an atmos- 
phere comprising a sensitizing gas; and 

c) exposing a f irst portion ol the oxide glass to - 
actinic ultraviolet radiation such that the refrac- 
tive index of said first portion of the oxide glass 

is increasedabovethe refractive index of an un- 
exposed second portion of the oxide glass, with 
a normalized refractive index change A of at 
least 1 x10- 5 ; 

CHARACTERIZED IN THAT 

d) the oxide glass is an oxide glass body of giv- 
en shape; 

e) step b) comprises contacting said ox.de 
glass body of given shape at a temperature of 
at most 25VC, with the atmosphere having a 
sensitizing gas partial pressure greaterthan 10 

- atmospheres, the sensitizing gas being one or 
both of H 2 and D 2 ; and 

1) step c) comprises exposing said first portion 



10 

of the oxide glass body of given shape to said - 
actinic ultraviolet radiation such that there is 
formed in said first portion a chemical species 
selected from the group consisting of OH and 
s OD with the concentration of said chemical 

species in said first portion being at least ten 
times the concentration of said chemical spe- 
cies in the second portion. 

10 2 Method according to claim 1. wherein the atmos- 
' phere is essentially D 2 . the temperature is at most 
150°C, and A is at least 5 x 10' 5 . 

3 Method according to any of claims 1 -2, wherein the 
,s ' oxide glass is selected from the group cons.st.ng o1 
the oxide glasses having SD 2 as their larges con- 
stituent and the oxide glasses having Ge0 2 as their 
largest constituent. 
20 4. Methodaccordingtoan y ofclaims1-3.whereinthe 
oxide glass comprises more than 50 mole /«> SiO* 
and more than 0.5 mole % GeO z . 

5. Method according to any of claims 1 -4, wherein the 
2S optical component is a planar optical wave guide or 

an optical fiber. 

6. Method according to claim 5. wherein the optical 
waveguide or optical fiber compnses a core that 

30 comprises at least 0.5 mole % GeO a . 

7 Method according to claim 1, wherein associated 
with the optical component is a ™f™™™ X ^ 
ed operating temperature, and wherein the method 
comprises heating, during and/or subsequent to 
step c), at least a part of the first portion of the ox.de 
glass toatemperature that is greater than the max- 
imum anticipated operating temperature of the 
component. 



8 Method of claim 7, wherein the optical component 
Comprises an optical waveguide inclu ding a core, 
and said core is heated by means of rad.at.on cou- 
pled into the waveguide. 

9 Method of claim 7, further comprising irradiating at 
9 ' leJst some of said first portion of the ox.de g as 

with actinic ultraviolet radiation subsequent to said 
heating step. 

50 10. Methodaccordingtoclaiml.whereinthea^ 
an optical communication system, and the compo- 
nent is a planar optical waveguide or an optical fiber. 

55 11. Method according to claim 1, wherein the optical 
component is a hologram or a phase mask. 

12. An article comprising a body (e.g., 37) that compris- 
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es oxide glass, said oxide glass comprising a first 
region (36) and a second region, with the oxide 
qlass in the first region having a normalized refrac- 
tive index that is greater than that of the second re- 
gion, wherein the normalized retractive index in the 3 
first region exceeds the normalized retractive index 
in the second region by at least 10" 5 ; 
CHARACTERIZED IN THAT 
said oxide glass contains a chemical species 
selected from the group consisting of OH and OD, 
with the concentration of said chemical species in 
said first region being at least ten times the concen- 
tration of the chemical species in the second region. 



Patentanspruche 

1 Verfahren zurHerstellungeinesGegenstands der 
' e ineoptischeKomponenteumfaBt,wobeidasyer- < 
fahren beinhaltet. die optische Komponente durch 
einen ProzeB herzustellen. der folgendes umfaBf. 

a) Bereitstellen eines Oxidglases 

b) das Oxidglas mit einer ein sensibilisierendes 
Gas enthaltenden Atmosphare in Beruhrung zu 
bringen; und 

c) einen ersten Teil des Oxidglases derart mit 
aktinischer ultravioletter Strahlung zu behch- 
ten daB der Brechungsindex des ersten Teils 
des Oxidglases uber den Brechungsindex ei- 
nes unbelichteten zweiten Teils des Oxidglases 
angehoben wird, mit einer Veranderung des 
normierten Brechungsindexes von mindestens 
1x10-5; 3s 

dadurch gekennzeichnet, daB 

d) das Oxidglas ein Oxidglaskorper gegebener 
Form ist; . 

e) Schritt b) umfaBt. den Oxidglaskorper gege- 
bener Form bei einer Temperatur von hoch- 
stens 250"C mit der Atmosphare mit einem 
Sensibilisiergas-Partialdruck von Ober 10 At- 
mospharen in Beruhrung zu bringen, wobei das 
sensibilisierende Gas entweder H 2 oder D 2 ist; • 

fTschrrtt c) umfaBt, den ersten Teil des Oxid- 
glaskorpers gegebener Form derart mit aktini- 
scher ultravioletter Strahlung zu belichten, daB 
in dem ersten Teil eine chemische Spezies. 
ausgewahlt aus der Gruppe bestehend aus OH 
und OD gebildet wird, wobei die Konzentration 
der chemischen Spezies in dem ersten Teil 
mindestens zehnmal so groB ist wie die Kon- 
zentration der chemischen Spezies in dem 
zweiten Teil. 

2. Verf ahren nach Anspruch 1 , bei dem die Atmospha- 



re im wesentlichen aus D 2 besteht, die Temperatur - 
hochstens 1 50°C betragt und A mindestens 5x10 
ist. 

Verfahren nach einem der Anspruche 1-2, bei dem 
das Oxidglas aus der Gruppe bestehend aus den 
Oxidglasern mit Si0 2 als ihrem groBten Bestandteil 
ausgewahlt ist und der grofite Bestandteil der Oxid- 
glaser Ge0 2 ist. 

4 Verfahren nach einem der Anspruche 1 -3, bei dem 
das Oxidglas mehr als 50 Mol-% SiO z und mehr als 
0,5 Mol-% Ge0 2 enthalt. 

5 Verfahren nach einem der Anspruche 1-4, bei dem 
die optische Komponente ein planarer optischer 
Wellenleiter oder eine optische Faser ist. 

Verfahren nach Anspruch 5, bei dem der optische 
Wellenleiter oder die optische Faser einen Kern um- 
faBt, der mindestens 0,5 Mol-% Ge0 2 enthalt. 

Verfahren nach Anspruch 1, bei dem mit der opti- 
schen Komponente eine zu erwartende hochste 
Betriebstemperatur verbunden ist und wobe. das 
Verfahren umfaBt, wahrend und/oder nach Schrrtt 
c) den ersten Teil des Oxidglases mindestens teil- 
weise auf eine Temperatur zu erhitzen, die uber der 
zu erwartenden hochsten Betriebstemperatur der 
Komponente liegt. 

[ verfahren nach Anspruch 7, bei dem die optische 
' Komponente einen optischen Wellenleiter mit ei- 
nem Kern umfaBt und der Kern mit Hilfe von in den 
Wellenleiter eingekoppelter Strahlung erhitzt wird. 

9 Verfahren nach Anspruch 7, das weiterhin umfaBt, 
nach dem Erhitzungsschritt den ersten Ted des 
Oxidglases mindestens teilweise mit aktinischer ul- 
travioletter Strahlung zu bestrahlen. 

10 Verfahren nach Anspruch 1, bei dem der Gegen- 
stand ein optisches Kommunikationssystem is und 
die Komponente ein planarer optischer Wellenleiter 

; oder eine optische Faser ist. 

11. Verfahren nach Anspruch 1. bei dem die optische 
Komponente ein Hologramm oder eine Phasen- 
maske ist. 

12 Gegenstand mit einem Korper (z.B. 37), der aus 
' oxidglas besteht, wobei das Oxidglas einen ersten 
Bereich (36) und einen zweiten Bereich umfaBt, wo- 
bei das Oxidglas in dem ersten Bereich einen nor- 
« . mienen Brechungsindex aufweist der uber dem 
des zweiten Bereichs liegt, wobe. der norm arte 
Brechungsindex im ersten Bereich urn mindestens 
1 0-5 uber dem normierten Brechungsindex im zwei- 
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ten Bereich liegt. dadurch gekennze-chnet. daB das 
Oxidglas einechemische Spezies, ausgewah t aus 
SGruppebestehendau S OHundOD,enthalt,wo- 
be dL Konzentration der chemischen Spez.es.n 
dem ersten Bereich mindestens zehnmal eoflj* 
ist wie die Konzentration der chemischen Spez.es 
im zweiten Bereich. 



Procede de fabrication d'un article comprenant un 
composant optique, le proced6 comprenant la fa- 
STdu composant optique par un processus 
qui comprend 



d'oxyde ayant le Ge0 2 comme constant princi- 
pal. 

4 procedeselonrunequelconquedesrevendications 

1 - 3 dans lequel le verre d'oxyde comprend p us 
de 50%en moles deSiO 2 etplusde0,5%en moles 

de Ge0 2 . 

5 pro^deselonl'unequelconquedesrevendications 
, 1 4danslequellecomposantoptiqueestungu.de 

d'ondes optique planar ou une fibre opt.que. 

6 Procede selon la revendication 5, dans lequel le 
guide d'ondes optique ou la fibre optique comprend 

,5 un coeur qui comprend au moms 0.5 % en moles 
de Ge0 2 . 



a) la fourniture d'un verre d'oxyde 
b ,amiseencontactduverred'oxydeavecune 

a mosphere comprenant un gaz acfvateur et 
c Imposition d'une premiere part.e du verre 
d'oxyde a un rayonnement actinique ultrav.o et 
demaniereae.everl'indicederetract.ondea 

dite premiere partie du verre d'oxyde au-des- 
sus de I'indice de refraction d'une seconds par- 
ie non exposee du verre d'oxyde. avec un « 
changement A de I'indice de refraction norma- 
Iis6 del x10- 5 au moins 

caracterise en ce que 3(J 

d) le verre d'oxyde est un corps en verre d'oxy- 
de de forme donnee ; 

e) I'etape b) comprend la mise en ^contact dudrt 
corps en verre d'oxyde de forme donnee a une 
temperature de 250»C au plus avec une atmos- 
Se ayant une pression partielle du gaz sen- 
sible superieure a 1 0 atmospheres, le gaz sen- 
sible etant du H 2 , du D 2 ou les deux ; et 
, ) r 6 tapec)comprendl'expo S ,t l ondelad,tepre a 
Lrepartieducorpsenverred'oxydedeforme 
donnee audit rayonnement act.n,que ultraviolet 
demaniereaformerdansladiteprem-erepartie 
une espece chimique selectionnee dans le 
groupe compose de OH et de OD avec la con- 
centration de ladite espece cheque dan la- 
dite premiere partie d'au moins d.x fo.s la con- 
centration de ladite espece chimique dans la 
seconde partie. 

2 procede selon la revendication 1 , dans lequel fat- 

re est de 150'C au plus, et le A est de 5 x 10 au 
moins. 

3 Procede selon I'une quelconque des revendcatiws 
r 2 dans lequel le verre d'oxyde est select.onn6 
dans le groupe compose des verres d'oxyde ayant 
?e So 2 comme constant principal et des verres 



Precede selon la revendication 1. dans lequel on 
associe au composant optique une temperature de 
tonSonnement maximum prevue et dans jjueU. 
procedecomprendlechauffage^endanteUoucon 

secutif a I'etape c), d'au moms une fraction de la 
pSmLepartieduverred'oxydeaune temperature 
sup^Le a .a temperature de fonctionnement 
maximum prevue du composant. 

, precede de la revendication 7, dans lequel le com- 
psantoptiquecomprendunguided'ondesopt^ 
comportant un coeur, et ladt coeur es d»uM au 
moyen de rayonnement couple vers I'mteneur du 



9 Procede de la revendication 7 comprenant de plus 
H radiation d'au moins une fraction de ladrte pre- 
mfere partie du verre d'oxyde, avec un rayonne- 
S aSnique ultraviolet, consecutive a ladle eta- 
pe de chauffage. 

10 Procede selon la revendication 1, dans lequel I'ar- 
«o tie™ est un systeme de communication opfque et 

le comUnt est un guide d'ondes optique planar 
ou une fibre optique. 

11 Procede selon la revendication 1, dans lequel to 
« composant optique est un hologramme ou un mas- 

que de phase. 

12 Article comprenant un corps (par exemple 37) qui 
comprend du verre d'oxyde, toft verre d'oxyde 

de region, le verre d'oxyde de la 
ayant un indice de refraction normal.se qu. est su 
plieuracelui de .a seconde W>™?£* 
fraction normalise dans la premiere ^^ant su 
55 „p er ieural'ind,cederefractionnormal.sedanslase 

conde region d'au moms 10" , 
caracterise en ce que 

ledit verre d'oxyde contient une espece ch.mi- 
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dans la seconde r6gion. 



10 



15 



20 



25 



30 



40 



45 



SO 



55 



9 



EP 0 569 182 B1 




EP 0 569 182 B1 



FIG. 3 
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FIG. 5 
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